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ANALYSIS  OF  ICE  JAMS  AND  THEIR  METEOROLOGICAL 
INDICATORS  FOR  THREE  WINTERS  ON  THE 
OTTAUQUECHEE  RIVER,  VERMONT 

Roy  E.  Bates  and  Mary-Lynn  Brown 


INTRODUCTION  A  second  phase  of  the  investigation  includes  a 

study  of  river  water  temperature  profiles  and  ice 
This  report  examines  meteorological  data,  ice  conditions  on  the  Ottauquechee  at  and  down¬ 
thickness,  ice  conditions  (including  ice  jams),  stream  from  the  Woodstock  Sewage  Treatment 

and  water  temperatures  for  three  winters  on  the  Plant's  outflow  The  purpose  of  this  part  of  the 

Ottauquechee  River  at  and  east  of  Woodstock,  project  is  twofold  first  to  measure  the  manner  in 

Vermont  (fig  1  and  2)  Meteorological  variables  which  warm  sewage  effluent,  with  a  wintertime 

discussed  include  air  temperatures,  precipita-  temperature  between  3°  and  7°C,  mixes  with  the 

tion  (including  water-equivalent  snowfall),  wind,  0°C  river  water,  and  second,  to  evaluate  the  ex- 

and  solar  radiation  tent  of  the  effect  of  this  warm  water  (only  a 

The  period  of  record  covered  includes  three  small  percentage  of  the  total  flow)  on  the  ice 

winters  November-March  1975-76,  1976-77,  and  cover  below  the  plant.  The  report,  Analysis  of 

1977-78  In  addition  to  a  general  interpretation  Potential  Ice  lam  Sites.  Connecticut  River  at 

of  these  data,  emphasis  is  placed  on  the  Windsor,  Vermont1,  shows  an  aerial  photograph 

documentation  of  climatic  (cooling  and/or  of  a  similar  situation  caused  by  warm  sewage 

warming)  trends  (App  A)  which  lead  to  ice  for-  outfall  into  the  nearby  Connecticut  River 

mation  and  growth  as  well  as  to  breakup,  when  The  objectives  of  this  investigation  can  be 

t<  e  lamming  and  flooding  are  usually  a  major  summarized  as  follows 

problem  After  examining  these  climatic  condi-  1.  To  present  the  meteorological  conditions  in 

tions,  this  report  attempts  to  determine  the  me-  the  Ottauquechee  River  basin  during  the  winters 

■eorological  indir  ators  needed  to  predict  ice  for-  of  197S-76.  1976-77  and  1977-78 

•nation,  lamming,  winter  flooding,  and  subse-  2  To  identify  meteorological  events  leading 

men!  breakup  A  ties*  ripfive  at  <  ount  of  ice  con-  to  ice  formation  inmming.  winter  flooding  and 

litmns  lor  the  three  winters  studied  is  given  in  ice  breakup 

Appendix  li  An  additional  report  tor  using  on  1  To  determine  the  mfluenc  e  of  w  arm  sew  age 

,se  in. nor  wintertime  lloods  Hanuarv  1976,  effluent  on  river  water  temperatures  and  i<  e  for 

'.'.in  tu-r,  is  m  preparation  mation  and  growth 


/  ifiure  J.  Meteorolonn  .il  station  locations 


METEOROLOGICAL  DATA  RETRIEVAL 
AND  MEASUREMENTS 

(  RRt  I  established  a  meteorologic  al  data  col 
lection  site  on  the  Ottauciuei  hee  River  at  the 
Woodstock  Sewage  treatment  Plant  in  Novem¬ 
ber  ll>7t>  Previous  to  that  time  (i  e  dining  the 
winter  or  1')7r>  ’(>).  weekly  n  e  observations  and 
water  temperature  measurements  were  made  bv 
(  KRI  I  personnel  Uailv  maximum  and  minimum 
,ur  temperatures  were  obtained  Horn  the  Wood 


stock  Sewage  treatment  Plan!  records  and 
precipitation  amounts  weie  taken  Worn  the  New 
I  ngland  t  limatologu  al  Data  (monthly  sum 
marv)  lor  Woodstock  Vermont’  During  the 
1P7P77  winter  air  temper. .tutes  and  wind' 
(speed  and  duec  tion'  were  measuP'd  c  ontinu 
ousts  at  the  C  RRI  t  site  and  pro.  ipilation  data 
were  again  taker  Horn  the  Woodstock  (.  Iimato 
logical  Station  r  ion!lti\  sumniate*-'  However 
lor  the  vv intei  ot  I'l”  ~h  a  prei  ipt'aiion  n  c  om 
mg  gage  vv  is  Ided  to  tie  instrumentation 


^ 

VhWV\W 

figure  l  Winter  air  temperatures  at  Woodstock,  Vermont: 
!9  7^8. 


inure  *  Winter  precipitation  totals  at  Woodstock.  Vermont: 
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Table  1.  Air  temperature  comparison  (°C),  Woodstock,  Vermont. 


Long-term 


Month 

average 

I97S-76 

Departure 

1976-77 

Departure 

19*’"  "8 

Departure 

November 

2  4 

b  1 

+  17 

-0  4 

-28 

1  2 

-i  0  8 

December 

-5  7 

~5  1 

+  0b 

-9  4 

-  1  7 

-7  0 

1  1 

January 

-8  1 

-9  7 

-1  4 

-13  0 

-4  7 

-10  S 

2  2 

Eebruary 

-7  4 

-  3  1 

+  4  1 

-fa  3 

+  1  1 

-11  r» 

-4  1 

March 

-1  4 

-0  4 

+  1  0 

1  9 

-1  1 

-  1  1 

1  9 

Winter  1 975-76  data  from  N  1  Climatic  Survey  tor  Wooo*o<k.  Vermont 
Winter  197 <>-77  data  from  N  I  Climatic  Survey  tor  Wooc.  j(k,  Vermont 
Winter  1977  78  precipitation  data  trom  meteorological  site  near  sewage  plant  in 
Woodstock  Vermont 


Table  2.  Precipitalion  comparison  (mm),  Woodstock,  Vermont. 


Month 

Normal 

7S-76 

%  Normal 

"fa- 7" 

%  Normal 

'"■78 

%  \orma< 

November 

9b  2 

1229 

127  B 

4S  7 

47  S 

S2  1 

8S  i 

Dec  ember 

84  3 

83  6 

99  2 

SB  2 

69  0 

10S  0 

128  1 

January 

71  4 

1176 

164  7 

61  r> 

8b  1 

21  It  7- 

282  2 

f  ebruary 

65  fl 

94  7 

143  9 

6S  1 

98  9 

H  3 

SO  6 

March 

7b  7 

86  9 

113  ) 

12S  5 

1616 

IDS  1 

1  17  0 

lotal 

394  4 

SOS  1 

SS6  0 

SIO  2 

'Reported  precipitation  data  (72  4  mm)  at  the  C  RRl  l  site  were  rejec  ted  as  invalid  as  c  om- 
pared  to  amounts  recorded  by  other  nearby  stations  1  he  amount  used  (201  7  mmi  was 
recorded  by  the  Woodstock,  Vermont.  Cooperative  Station  Site 

Winter  1975  76  data  from  N  E  Climatic  Survey  tor  Woodstock  Vermont 
Winter  197b-77  data  from  N  L  Climatic  Survey  tor  Woodstock.  Vermont 
Winter  1977-78  precipitation  data  from  meteorological  site  near  sewage  plant  in 
Woodstock,  Vermont 


Table  3.  Number  of  freezing  degree  days  (°C). 

I97S  ,,76  ?  976- 7  7  )  9"7«  fvom«l 


Month 

Accumulated 

Month 

Accumulated 

Month 

Act  umulated 

Month 

Act  umulat i 

November 

2 

2 

2B 

28 

20 

20 

S 

December 

1S1 

IS! 

291 

119 

217 

217 

17" 

182 

lanuary 

292 

44S 

40! 

722 

120 

SS" 

2r»" 

A  19 

1  ebruary 

99 

S44 

177 

899 

122 

879 

20" 

64b 

Marc  h 

12 

SSb 

8 

907 

98 

97' 

48 

694 

was  installed  on  the  Ottauquec  hee  River  Tem¬ 
peratures.  prec  ipitation,  and  wind  (speed  and  di¬ 
rection)  were  recorded  on  a  daily  basis  In  addi 
tion,  water  temperatures  were  electronically 
monitored  at  two  sites  one  near  the  Woodstock 
Sewage  Treatment  Plant  (I  ig  (>)  and  the  other 
near  Quechee  at  the  Yankee  Musket  Shop  (Fig 
1 )  Because  of  recorder  and  thermistor  cable  dil 
tic  ulties,  only  one  site  (the  Woodstock  Sewage 
Ireatment  Plant)  continuously  recorded  water 
temperatures  in  lanuarv  1‘>7H 


Climatic  data  (temperatures,  precipitation, 
snowfall,  and  snow  depth)  for  eight  other  local 
stations  —  Hanover,  Lebanon  and  CRRI  L  in  New 
Hampshire  and  Woodstock,  N  Hartland  Dam 
Union  Village  Dam,  Rochester,  and  Cavendish  in 
Vermont  — were  examined  as  a  means  oi  vori- 
tying  meteorological  conditions  tor  the  entire 
Ottauquechee  River  drainage  basin**'"  The 
tables  in  Appendix  A  summarize  these  data 
1  hose  additional  climate  rec  ords  wore  espec  tails 
valuable  during  the  two  significant  winter  ice 
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METEOROLOGICAL  EFFECTS 
ON  RIVER  ICE  COVER 

Winter  19~S-7b 

In  comparison  to  the  winters  of  1976-77  and 
1977-7H,  the  winter  ot  1  97V76  w<is  warm  Com- 
fiared  to  the  long  term  average  air  temperatures, 
however,  the  winter  ot  197S-76  was  closer  to  nor¬ 
mal  than  the  following  two  winters  Air  tempera 
hires  in  November  1 9/r>  and  fehruary  1976  were 
significantly  higher  than  normal  (Table  II.  and 
tree/ing  degree  days  did  not  begin  to  accumu 
late  until  early  December  In  inid-f  ebruary  1976 
the  number  of  accumulated  freezing  degree 
days  began  to  differ  noticeably  from  the  long¬ 
term  average  (fig  S  and  Fable  T) 

With  th»>  exception  of  Dec  ember  1 97S,  and  to 
,i  lesser  extent  Mari  h  1976.  there  was  abnormal¬ 
ly  high  prec  ipitation  (Table  2  and  Fig  4)  Table  1 
shows  that  in  November  lanuary,  and  February 
prec  ipitutiori  amounts  were,  respectively.  27  8. 
64  7  and  4!  9%  higher  than  average 


I  he  most  notable  meteorologic  al  event  ol  th 
19?r>76  winter  was  a  thaw,  accompanied  by 
heavy  rams  from  J6  to  28  lanuarv  Within  a  few 
days,  temperatures  rose  well  above  tree  / 1 ng  (F  ig 
At/,  disrupting  the  winter  regime  Dunn g  the 
subsequent  ice  |,im  and  flooding  period  the 
maximum  au  temperatures  at  loc  al  sites  rose  to 
approximately  fl°C  (App  B).  well  aboye 
lanuary'  mean  maximum  temperature  of  ap¬ 
proximately  -2°C't 

Coinciding  with  the  rapid  increase  in  tempera¬ 
ture  was  heavy  rainfall  which  accounted  for 
over  one-half  of  lanuary's  precipitation'  The 
combination  of  temperatures  above  freezing 
and  heavy  prec  ipitation  on  an  already  high 
water-equivalent  snow  cover' "  caused  extensive 
flooding  and  lamming  of  ice  on  the  Ottau- 
quechee  River  (F  ig  B1) 

The  period  of  4-7  February  witnessed  a  quick 
end  to  the  lanuary  thaw  as  temperatures  rapidly 
dropped  (Fig  7a)  and  ice  re-formed  around  the 
jammed  and  rafted  ice  (App  Bl 

However,  the  remainder  of  February  1976  was 
extremely  warm,  with  a  mean  daily  air  tempera¬ 
ture  of  -  1  T°C.  4  1°C  above  the  long  term  aver¬ 
age  Because  of  the  higher  temperatures  and  no 
heavy  rainfall,  the  ice  jam  on  the  Ottauquec  dee 
River  disappeared  gradually  with  no  further 
damage  by  1  March  (App  B),  two  weeks  earlier 
than  during  the  two  following  winters 
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Winter  1976-77 

In  contrast  to  the  previous  winter.  1976-77  was 
typified  by  extremely  low  air  temperatures  (fig 
3  and  5,  Tables  1  and  3)  and  below-normal  pre¬ 
cipitation  (Fig.  4  and  Table  2)  Temperatures  in 
November  1976  were  2  8°C  below  the  long-term 
average,  with  a  mean  monthly  temperature  be¬ 
low  freezing  (-0  4°C,  T  able  A2)  Freezing  degree 
days  began  to  accumulate  on  8  December,  17 
days  earlier  than  normal  (Fig  5)  In  addition, 
precipitation  in  November  was  less  than  50%  of 
normal  The  lack  of  significant  precipitation, 
coupled  with  below  average  temperatures,  led 
to  an  early  freeze-over  of  the  Ottaupuec  her1 
River  Ice  was  first  observed  flowing  in  the  riser 
on  11  November,  and  by  10  November  tree/e 
over  occurred  on  the  Taftsville  Pond  (App  H) 

In  December,  the  mean  temperature  was  4°f 
below  normal  (-‘>4°(|.  and  over  391 )  freezing 
degree  days  were  recorded  i  I  able  1  even 
though  daily  temperatures  rose  above  average 
for  a  week  in  mid-Dec  ember  Average  daily  mas 
imum  temperatures  appro. n  tied  o-(  during  this 
week,  and  a  maximum  temperature  o'  ~  3CH  w  a  ■■ 
recorded  on  12  December'  I  bis  warming  trend 
caused  slight  ratting  and  inrnmmg  ot  ;ti<-  u  e  m 
the'  Ottaucjucc  hoe  River  (when  lai<  '  tro.-e  e 
place)  (I  ig  113),  espei  i.illv  behind  ’In  i  •.  r  ‘  -  v  1 1 1  • 

and  Quec  bee  Dams  lt:ivvr>vi"  I . u.sc  'bi 

low  amount  ot  rainfall  these  smali  are-  c  aus.-e 
only  minimal  tlooding 

lire  remainder  ot  the  month  was  ,  ■  •  u:  and  Uiv 
and  tins  trend  persisted  into  lanu.i'v  lanu.uv 
was  tile  c  oldest  month  ot  the  winter  w  it  ii  a  t<  a  a 
ot  401  freezing  degree  dav'  ivs  t ti. •  normal  ot 
257)  liable  ')  I  he  mean  daiiv  u  mpec  ature  vv  a  - 
- 1  1°C  I  1  able  1  i  the  hugest  depar tun-  Unit!  nor 
mal  ot  the  winter  t- 4  7°c  neiow  tin  iong  tern 
average)  I  he  daily  maximum  temperature  rose 
above'  freezing  on  only  thin  o  a-ion-  2  Jo 
and  25  lanci.iivl*  In  addition  p'e  ipita'ior  in 
lanuarv  remained  I4”i>  below  nom  a-  I  able  2 
1  hose  metoorologic  al  (  onduion-  a  one!  a  rape: 
ini  rease  in  ice  tlm  k  ness  on  the  nvo  our  mg  lam 
ary  (App  111 

I  he  severe  <  old  dry  start  o'  (tv  winter  ot 
1976-77  moderated  in  lebruarv  t're<  ipitufme 
was  near  normal  (table  31  and  an  temperature 
was  1  1  °(  above  normal  ( I  able  1  because  ot 
the  winter  s  low  temperature's  and  trie  I  tec  enibc" 
I97(i  ice  pun  considerable  amount,  o'  rattee 
ice,  frozen  trazil  anchor  u  e  anc.  c  aigelatna 
(river  waterl  ice  were  reported  io  tli"  nvei  tune 
the  Quec  bee  dam  upstream  eves!  < >t 

V\  nodstcu  k 


i  ess  than  'mrmal  pret  ipitation  trom  Novcm- 
hcr  to  lebruaiv  was  followed  bv  125  mm  of  pro- 
t  ipitation  m  March,  163  6%  ot  tin*  normal  77 
mm  liable  Ot  this  pror  ipit.ition,  52  8  mm 
,42 "a  ot  the  month's  total)  toll  from  1  I  to  16 
March’  Several  tl.ivs  prior  to  the  ram,  tempera 
Hires  soared  >-7°C  above  the  monthly  mean  ot 
!  9°C  (f  ig  "hi,  whit  h  was  itself  5  i°C  above  the 
long-term  average  tor  March  (Table  1).  As  in  Jan¬ 
uary  1976.  tht-  high  temperatures,  coupled  with 
abnormally  high  pret  ipitation,  caused  extensive 
it  e  jams  and  subsequent  Hooding  (Fig  15  5.  [54, 
and  155)  Snow  disappeared  virtually  overnight, 
not  only  at  Woodstot  k.  but  at  sites  throughout 
the  local  area  For  example,  at  Hanover,  New 
Hampshire  I  5  tin  ot  snow  melted  overnight  in 
the  period  trom  ’HO  March* 

It  can  thus  be  hypothesized  that  heavy  rain, 
preceded  or  at  t  ompamed  bv  a  sudden  increase 
in  air  temperature  and  combined  with  an  exist 
ng  high  w ater  equivalent  snow  cover.’*  causes 
not  only  amminu  and  ratting  ot  the  it  e  cover 
but  also  Hooding  High  temperatures  alone  can 
cause  miming  arid  rafting  teg  in  Dei  ember 
1676),  but  the  severity  of  Hit*  problem  is  int  reused 
when  high  temperature  is  i  ombined  with  ex¬ 
cessive  ram  ;»•  g  26-25  lanuary  1676  15  16 

Mart  h  16”! 

Winter  1977-78 

Tht*  winter  ot  1677  "15  t  on  Id  best  be  described 
as  a  winter  of  osi  illation,  in  terms  of  both  tem¬ 
perature  and  pret  ipitation  1  ree/ing  ait  tempera¬ 
tures  commented  slightly  later  nan  in  1976-77, 
however,  spring;  breakup  was  late  in  urrving  The 
1677  78  winter  'November-  Mart  h)  was  colder 
’ban  ntirm.il,  with  the  loss  temperatures  (Fig  5 
and  5)  ac  t  ompamed  bv  above  normal  pret  ipita¬ 
tion  (Fig  41.  espet  ally  in  lunuurv  i  emjieratures 
were  not  as  iow  as  those  experioni  etl  through 
lunuurv  ot  the  previous  winter  However,  in  con¬ 
tra  4  to  the  teiutivelv  early  arrival  ot  spring  in 
I  ebruarv  1677  temperatures  remained  sigmfi- 
i  antlv  below  normal  in  f  ebruary  and  March  1678 
1  he  late-  arrival  of  higher  temperatures  is  evi¬ 
dent  ed  bv  the  2r>  Mart  h  it  e  breakup  date  vs  1 
Mart  h  in  1976  and  It)  Mart  h  in  1977 

In  addition  to  the  daily  air  temperature  anti 
wind  data  previously  monitored  at  the  (  KRFl 
site,  pret  ipitation  anti  water  temperature  were 
,  ontmuoijsiv  -«■(  orded  during  the  winter  ot 
1677  78  Water  temperatures  were  elet  Ironically 
monitored  at  *wo  sites  on  the  Ottauquei  hee 
River  iWondstink  Sewage  Plant  anti  Yankee 
Musket  shop  f 'g  1 :  However,  water  tempera 


ture  measurements  at  the  Yankee  Musket  Shop 
were  unsuccessful  because  of  recorder  problems 
and  destruction  of  the  sensor  by  ice  movement 
November  1977  was  near  normal,  with  no  ex¬ 
treme  climatological  variations  Temperatures 
were  slightly  above  normal  (  +  0  8°C,  Table  1) 
and  precipitation  slightly  below  normal  (85  3%, 
Table  2).  Ice  was  first  observed  flowing  in  the  Ot- 
tauquechee  River  on  27  November  (vs  11  No¬ 
vember  the  previous  winter),  but  it  was  not  until 
the  major  cold  spell  of  8-12  December  (Fig  7c) 
that  the  Taftsville  Pond  completely  froze  As  il¬ 
lustrated  in  the  observational  records  (App  B), 
ice  rapidly  formed  at  many  Ottauquechee  River 
locations  during  this  period  Significant  snowfall 
also  occurred  during  December  and  lanuary 
Although  recorders  broke  down  in  December, 
water  temperature  data  were  obtained  for  ap¬ 
proximately  one-half  of  the  month  The  mean 
maximum  temperature  of  the  water  for  that  time 
period  (20  days  of  data)  was  -0.01  °C  The  mean 
minimum  water  temperature  (only  13  days  of 
data)  was  -0  28°C,  giving  a  monthly  mean  water 
temperature  of  -014°C  This  negative  tempera¬ 
ture  can  be  attributed  to  three  possible  factors 
First,  the  recording  device  experienced  mechani¬ 
cal  difficulties  and  electrical  interference  during 
the  early  winter  period  Second,  slush  ice  forma¬ 
tion  around  the  sensors  could  have  caused  incor¬ 
rect  water  temperature  readings.  Third,  frazil  ice 
was  observed  and  the  existence  of  supercooled 
water  (<0°C),  in  conjunction  with  the  turbulent 
flow  of  a  river,  is  associated  with  this  frazil  ice 
formation'  Figure  8  gives  a  plot  of  the  average 
daily  water  temperature  obtained  during  the 
period  lanuary-March  1978 

Although  December  1977  could  be  considered 
,i  wet  month,  with  pret  ipitation  128%  tit  normal 
(I  able  2),  lanuary  1978  definitely  experienced 
abnormally  high  precipitation  For  example,  the 
Woodstock,  Vermont.  Cooperative  Weather  Sta¬ 
tion  (data  inc  omplete  at  the  CRREL  meteorologi 
t  al  site)  recorded  282%  of  January's  average 
precipitation  This  figure  is  compared  to  that  of 
three  other  local  stations  in  Table  4 

Two  minor  thaws  occurred  in  lanuary  1978  (4- 
9  lanuary,  24-26  lanuary),  causing  slight  jam¬ 
ming  and  rafting  ot  the  ice  (App  B)  The  second 
thaw  was  the  more  serious  one  Acc  ording  to  the 
observational  report  thaw  and  heavy  rain 
caused  flooding  and  a  new  ice  |am  at  Wood 
stock”  (Fig  136) 

On  9  lanuary  1978,  the  water  temperature  re¬ 
cording  system  at  Woodstot  k  was  put  back  in 
operation  Water  temperatures  oscillated  slight 
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figure  8  Average  daily  water  temperature  near 
the  Woodstock  Sewage  treatment  Plant:  win¬ 
ter  1977-78 


lv  during  the  month,  hovering  barely  above  0°(  , 
and  rising  slightly  with  high  air  temperatures 
prior  to  the  rains  ot  J4-2(i  lanuary  (tig  <>) 

1  he  Ottauquechee  Kiver  retro/e  in  early  I  eb- 
ruary  In  terms  of  i  Innate  lebruary  varied  more 
from  normal  than  lanuary  Not  only  was  the 
mean  daily  temperature  4  1  °(  below  normal 
liable  1)  with  over  Hit)  more  tree/ inn  degree 
days  (lable  1).  but  pre<  ipitation  was  even  more 
significant  when  it  is  noted  th.it  most  of  it 
(88  8%)  tell  in  a  two-day  period  |H-ll  lebruary) 
during  a  severe  snow  storm,  while  the  remainder 
ot  the  month  was  dry  *  I  he  combination  ot  low 
temperatures  and  lack  ot  prec  nutation  allowed 
the  ice  cover  to  quickly  re  form  ( App  If) 

Water  temperature  continued  to  fluctuate 
slightly,  rising  to  a  maximum  daily  mean  ot 
it  Oti°C  on  7  lebruary.  and  then  decreasing  to 
l)°(  on  14  lebruary  I  he  end  ot  the  month  saw 
the  beginning  of  slightly  higher  water  tempera 
tures  the  start  ot  the  seasonal  warming  trend 
Marc  h  1978  c  ontinued  to  be  c  ooler  than  aver 
age  (air  temperatures  1  9°C  below  the  long 
term  average)  tree/ing  degree  days  accurnu 
lated  into  early  March,  surpassing  the'  total  num 
her  of  freezing  days  ot  the  previous  winter  (f  ig 
r>)  I  he  freezing  degree  day  curve  reached  its 
(leak  during  the  month  and  started  to  dec  line  as 
a  noticeable  warming  trend  began  (1  ig  1)  As  in 
the  previous  year,  prec  ipitation  was  above  aver 
age  (1  (7%),  although  not  to  t In'  same  extreme 
(lable  J|  No  significant  additional  jamming  and 
Hooding  ot  the  river  were  observed  as  the  ice 
gradually  melted,  despite  the  prei  ipitation  1  his 
c  an  be  attributed  to  two  lac  tors  I  irst.  the  slow 
warming  trend  (i  e  air  temperatures  slightly 
above  tree/ing  during  the  day  with  tree/ing  tern 
perntures  at  night)  permitted  gradual  melting  of 
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Table  4.  Local  precipitation: 
lanuary  1978. 
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f  igure  9  Average  daily  water  temperature 
near  the  Woodstock  Sewage  treatment 
Plant  24-29  March  1978 


the1  icc'  1  In'  associated  gradual  warming  ot  the 
water,  evident  late  in  the  winter  (tig  8)  and 
detailed  tor  the'  last  week  ot  Marc  h  in  I  igure  ‘t 
aided  this  process  Second  because  ot  lamming 
and  melting  ot  the  ic  e  c  oy  er  earlier  in  the  winter, 
file  ice  thickness  was  less  than  expected  How 
ever,  a  completely  open  liver  channel  was  not 
reported  until  Jr>  Marc  h  1978  (later  than  the  pro 
v  ions  two  w inters)  follow  mg  two  clay '  of  lieav  y 
ram  * 


ANALYSIS  OL  ICE  FORMATION  AND  DECAY 

Mechanism  of  ice  formation 

As  air  temperatures  drop  below  0°(  .  a  water 
body  responds  to  the'  heat  loss  by  forming  u  c- 
I  lie'  water  must  be  c  ooled  below  the  equilibrium 
point  ot  0°C  before  u  e  appears  A  slight  degree 
ot  supercooling  was  apparent  in  the  Ottauqun 
e  bee  Kiver  as  evidenced  by  measurements  ot 


water  temperatures  during  the  1977-78  winter 
Ashton  contends  that  "in  rivers  supercooling 
is  seldom  more  than  a  few  hundredths  of  a  de¬ 
gree  below  0°C  when  ice  first  appears .  Al¬ 

though  the  temperature  sensors  installed  during 
the  1977-78  winter  were  accurate  to  0  05°C,  elec¬ 
tronic  noise  difficulties  with  the  strip  chart  re¬ 
corder  and  frazil  ice  collection  around  the  ther¬ 
mistor  at  Woodstock  prevented  accurate  contin¬ 
uous  measurement  of  the  water  temperature 
during  the  critical  ice  formation  period  A  mean 
water  temperature  of  -0 14°C  was  recorded  for 
approximately  one-half  of  December,  indicating 
either  supercooled  water  or  an  ice-coated  senior 

After  the  temperature  sensors  and  recorders 
became  fully  functional  on  9  lanuary  1978,  con¬ 
tinuous  monitoring  of  water  temperature  was 
possible  The  water  temperature  beneath  the  ice 
cover  remained  extremely  close  to  0°C  (0.0°- 
0.1  °C)  from  9  January  until  nearly  all  ice  melted 
in  late  March  1978  (Fig  8) 

Air  temperature  is  not  the  only  meteorologi¬ 
cal  element  controlling  ice  formation  Other  me¬ 
teorological  variables  that  influence  ice  cover 
formation  on  both  stationary  and  moving  bodies 
of  water  include  snow  cover,  precipitation,  radi¬ 
ation  and  wind  On  a  moving  body  of  water, 
such  as  the  Ottauquechee  River,  the  physical 
features  of  the  channel  also  play  an  important 
role  The  size  and  velocity  of  the  river  influence 
the  amount  of  mixing  that  occurs  Furthermore, 
influx  from  tributaries,  the  quality  of  which  is 
heavily  dependent  on  precipitation,  sediments, 
and  water  impurities  from  sources  such  as  the  at¬ 
mosphere,  power  plants,  highway  salt  and  sew¬ 
age  treatment  plants,  influences  ice  formation 
and  decay  rates 

Finally,  because  of  the  dynamic  nature  of  the 
Ottauquechee  River,  uninterrupted  natural  ice 
growth  is  rarely  recorded  over  periods  longer 
than  60  days  For  example,  during  the  three1  win¬ 
ters  under  consideration,  high  temperatures,  ac - 
companied  by  heavy  rains  on  several  oc  <  asions, 
c  aused  melting,  ice  floes  and  jamming  of  the  ic  e 
c  over 

Ice  growth  and  decay  on  the  Ottauquechee 
River,  1975-76,  1976-77,  1977-78 

During  the  1975-76  winter,  data  were  not  avail¬ 
able  regarding  the  date  of  initial  freeze-over 
above  the  Woodstock  Sewage  Treatment  Plant 
Flowever,  the  date  of  the  appearance  of  trazil 
ice  was  recorded  (17  December)  In  contrast, 
during  the  following  two  winters  flowing  trazil 
and  slush  ice  were  reported  on  the  Ottauque- 


c  hee  River  on  11  and  27  November  respectively 
Solid  ice  was  reported  by  15  December  1975,  30 
November  1976,  and  10  December  1977 

The  physical  characteristics  of  the  river  re¬ 
mained  nearly  the  same  during  the  three  winters, 
as  did  the  amount  of  effluent  flowing  mio  the 
river.  Thus,  assuming  that  meteorological  vari¬ 
ables  such  as  radiation  and  wind  are  negligible 
in  comparison  to  the  effects  of  temperature  and 
precipitation,  ice  formed  relatively  late  in 
1975-76  because  of  higher  air  temperatures  and, 
to  a  lesser  degree,  precipitation.  In  contrast  to 
the  following  two  winters,  temperatures  in  No¬ 
vember  and  December1975  were  above  the  long¬ 
term  average  In  addition,  precipitation  during 
this  same  time  period  was  at  or  above  normal 
(Table  2)  This  rainfall  led  to  increased  flow  in 
the  river,  preventing  earlier  ice  formation. 

However,  November  and  December  1976  ex¬ 
perienced  temperatures  significantly  below  nor¬ 
mal,  accompanied  by  below  average  precipita¬ 
tion  As  a  result,  ice  formation  and  growth  were 
accelerated 

The  precipitation  and  air  temperature  during 
the  beginning  of  the  1977-78  winter  season  were 
near  the  average  of  those  of  the  two  previous 
winters  (see  Tables  1  and  2)  and  this  period  was 
thus  more  typical  of  the  expected  conditions. 
This  is  also  reflected  in  the  date  of  ice  forma¬ 
tion,  which  was  the  approximate  average  of  the 
two  previous  winters. 

The  relationship  of  precipitation  and  air  tem¬ 
perature  with  river  ice  formation  and  breakup 
continued  throughout  the  remainder  of  the  three 
winters  For  example,  in  comparison  to  the  fol¬ 
lowing  two  winters,  the  maximum  amount  of  ice 
recorded  at  any  of  the  sites  along  the  Ottau¬ 
quechee  River  (Fig  1 )  was  significantly  less  in  the 
1975-76  winter  The  maximum  amount  of  ice 
measured  in  1975-76  was  58  cm  at  the  Taftsville 
Pond  on  12  February.  In  contrast,  91  cm  of 
frozen  frazil  ice  (nearshore  ice)  or  76  cm  of  mid¬ 
channel  ice  was  measured  near  the  Quechee  Vil¬ 
lage  Green  on  2  February  1977  Even  during  the 
1977-78  winter,  which  experienced  two  thaws  in 
lanuary,  74  cm  of  ice  remained  on  7  March  1978, 
6  m  from  shore  above  the  Woodstock  Sewage 
Treatment  Plant  (App  B) 

The  winter  of  1975-76  also  experienced  an  ear¬ 
ly  ice-out  date  Ice  had  virtually  disappeared  by 
the  end  of  February  1976,  whereas  normal  river 
ice  was  still  41  cm  thick  on  16  March  1977  Dur¬ 
ing  the  winter  of  1977-78,  the  ice  was  43  cm  thick 
in  the  middle  of  the  river  near  the  Yankee  Mus¬ 
ket  Shop  on  20  March  Even  after  considerable 
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jiret  ipitation  during  20  JS  Mart  h  I'fH  Mimr  it  c 
px-  5  i  ml  still  remained  at  several  sites  i  App  Hi 
Higher  than  normal  late  lehrn.irv  and  •“.irlv 
Mari  h  air  temperatures,  at  t  ornpamed  h\  above 
average  precipitation  at  t  elerated  the  it  e  out 
date  m  the  winter  ot  147ri  "b  Another  import, mt 
tat  tor  in  the  earls  it  e-out  was  the  severe  it  e  jam 
and  the  subsequent  flood  that  ot  t  tirretl  on  Jh  28 
lanuarv  1  M7*» 

In  the  following  two  winters  small  it  e  iams 
unat  t  ornpamed  bv  rain  formed  during  11  IJDt 
t  ember  147b  and  4  4  lanuarv  1478  Another  jam 
tormed  late  in  lanuarv  1478  (J4  2b  lanuarv)  as  a 
result  tit  a  heavy  rain  storm  however  ,  in  the 
other  two  small  it  e  pirns,  not  all  a  as  were  at 
fet  ted  het  auve  air  temperatures  rose  only  slight 
Iv  above  tree/tng  As  opposed  to  the  lanuarv 
147b  it  e  ptm.  below  normal  air  temperatures  im 
mediately  followed  these  ue  pirns  tat  dilating 
complete  free/e-over  (Table  1),  a  t  ondition 
vvhith  was  not  present  after  the  1  *»7<>  it  e  jam 
Prior  to  the  it  e  pirn  flooding  ot  lanuarv  )4~b 
more  it  e  was  observed  in  the  <  Mtauquet  hee 
River  than  at  similar  times  during  the  t  til  low  trig; 
two  winters  Again,  this  retluted  it  e  ilejith  an 
be  attributed  to  the  early  it  t*  pirns  m  l)et  ember 
147b  and  early  lanuarv  1478 

The  severity  of  the  ratting  anti  pimming  it  e  in 
lanuarv  147b  anti  the  resulting  high  water 
t  leared  out  the  majority  ot  the  it  e,  as  it  also  did 
in  Mart  h  1477  Although  the  it  e  re -tormed  in 
February  147b.  signdit  ant  it  e  growth  was  not  re 
ported  The  relative  lac  k  of  it  e  grow th  i  an  be  at 
tributed  to  the  absent  e  ot  the  net  assary  meteo 
rological  conditions  (in  low  temperatures  ot 
long  duration  and  little  precipitation! 

What  causes  the  it  e  to  iam  anti  what  deter 
mines  t ho  severity  ot  the  it  e  and  t  flannel 
morphology  is  a  signdit  ant  determinant  As  tie 
fined  bv  Calkins  et  al  areas  where  ice  pirns 
generally  form  are  1)  constrictions.  2)  exposed 
roc  k  outcrops  and  man-made  strut  lures  (bridge 
piers),  T)  long,  low  velot  itv,  deep  water  pools, 
and  4)  shallow  sections  across  jiortions  ot  the 
channel  where  grounding  of  lie  tloes  could  be 
initiated  Areas  along  the  Ottauquec  hee  River 
whit  h  are  susceptible  to  grounding  and  jamming 
of  ice  are  outlined  as  follows  (from  App  2) 

1  Bridges 

Km  St  bridge  in  Woodstock 
Quet  hee  Lakes  bridge  (golf  course) 

2  Dams 

Tattsville  and  Quechee 
t  Near  Woodstoc  k  Sewage  Treatment  Plant 
l double  oxbow) 


-1  l  akes  Ponds 

IJuei  bee  lakes  lattsvilli-  Pond 

I  he  question  remains  as  to  what  meteorology 
t  al  i  onditions  t  ause  it  e  jams  at  these  lot  ations 
While  sudden  high  air  temperatures  tan  t  ause 
ratting  and  pimming  ot  it  e  a  shar|>  rise  m  air 
temperatures  at  <  ornpamed  bv  heavy  rainfall 
iwhith  i, nt  reaves  the  influx  ot  water  trorn  trihu 
tariesj  on  a  high  water-equivalent  snow  t  over  in 
t  reaves  the  likelihood  ot  severe  it  e  pimming  and 
high  water  !  he  available  data  mdit  ate  that  T  t  rn 
(approximately  1  in  l  ot  wintertime  ramtall  in  the 
l  >t!auf|uei  hee  Rivet  drainage  basin  in  a  24  hr  |>e 
not!  on  a  high  water  equivalent  snow  t  over 
t  arises  significant  flooding  and  it  e  jamming 
Some  grounding  ratting  and  pimming  ot  die  it  e 
<  over  ty  jut  ally  ot  t  urs  eat  h  sjirmg.  as  the  rapid 
arrival  ot  warm  weather  does  not  normally  allow 
the  it  e  t  over  time  to  melt  in  (ilac  e  f  or  example 
the  sjirmg  ot  1478  expenent  ed  a  gradual  rise  in 
temperatures  toilowed  by  normal  ramtall  1  bus 
flooding  and  pimming  did  not  t  au'f  serious 
problems  a  definite  contrast  to  March  ot  14” 
when  heavy  rain  and  a  rapid  mt  reave  in  the  air 
temperature  ot  t  urred  simultaneously 

However  as  demonstrated  in  lanuarv  147b 
and  to  a  lesser  extent  in  Det  ember  147b  and  Ian 
uary  1478  (Ajip  15),  ice  pimming  is  possible  at 
any  time  during  the  winter  given  the  apprnpri 
ate  meteorological  and  physical  t  onditions 

INFLUENCt  OF  WARM  SEWAGE  EEFlUENT 
ON  RIVER  WATER  TEMPERATURES 
AND  ICE  CONDITIONS 

Allothei  objet  live  ot  this  report  is  tile  eyaillin 
ation  ot  die  extent  arid  eltei  t  ot  thermal  ettluerit 
outtlow  Irtim  the  W  ootlstot  k  Sewage  I  reatment 
Plant  on  the  ( Mtauquet  hee  Rivets  u  e  tovet 
I  he  amount  ot  this  tlow  is  msignitii  ant  when 
t  om[),ired  to  total  river  flow  Approximately 
400  000  gal  is  (list  barged  daily  into  the  river, 
I  *  ‘ss  Ilian  2%  ot  the  river  s  total  tlow  1  However, 
as  illustrated  in  the  photographs  (T  ig  117  and  158). 
the  sigmtit  ant  e  ot  this  warm  water  input  t  nnnot 
he  underestimated  The  effluent  combines  verti 
tally  with  the  river  water  and  proceeds  down¬ 
stream  i  he  warmer  effluent  then  expands  later 
ally  bv  turbulent  mixing,  as  explained  bv 
Ashton  "  and  fngmann"  in  the  open  surface 
area  the  lateral  mixing  is  similar  to  that  during 
non-u e  periods  but  beneath  the  it  e  cover  the' 
mixing  rate  is  approximately  one  hall  that  in 
open  water  (onditions  Thus  the  lateral  mix 
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Table  S.  Water  temperatures’  as  influenced  by  the  influx  of  warm 
(approx.  fc°C)  sewage  effluent:  197S-7t»  winter. 
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die  ate  that  \  cm  of  rainfall  m  24  hr  on  a  high 
water-equivalent  snow  cover  causes  ice  jams 
and  subsequent  flooding 

Second,  the  daily  continuous  memdormg  ot 
water  temperatures  during  the  1977-78  wmte. 
provided  a  useful  addition  to  the  study  of  the 
river  From  this  report  and  from  the  work  of 
other  investigators,  it  appears  that  supercooling 
of  the*  river  occurred  immediately  prior  to  free/e 
over  However,  this  hypothesis  could  not  he 
completely  validated  because  of  mec  hanu  .if  in 
strunumUition  problems  Additional  measure 
merits  art*  neecssarv  tor  more  ac  curate  evalua 
bon 

(  ontmuous  measurements  dc*monstratt*d  that 
the  water  temperature  tielow  flu*  u  e  v  user  aver 
aged  appu  ixim.itulv  Y\  ith  ’ho  .itnv.il  ot 

higher  air  *rmper aturex  and  me  reaped  solar  ra<Ji 
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during  flu  ’hrm-  vuntrn  Although  it  is  « »n  I  \  2W« 

:  t  ’he  *.  aa.  t  i  1 1  v\  *fiis  warm  water  <mftlt>\\  at 
'ei  ’  *  ■  1 1  ’ !  n  •hermai  legime  ami  o  e  i  i»\ei  in  the 
IliU  'ei  .la  te  aft*. I  VA.ltrl  'elllpel  at  Uf  es  jt  and 
t>»*iow  ’tie  •  'U’lall  pipe  were  Pnju»ntl\  nmm 
tored  and  measurememts  ot  the*  M/e  and  shape* 
ot  the*  < w,i!«*r  c  hannel  he.ow  tile*  outfall  pipe 
were  c  nmptrtt’d  t  xtonsive*  work  is  needed  re 
gardmg  the  ettec  t  ot  warm  water  input  sources 


on  ice  cover  near  large  municipal  power  plants 
and  at  industrial  and  munic  ipal  wastewater  out 
falls  where  thermal  regimes  are  disturbed 
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APPENDIX  A:  CLIMATOLOGICAL  OBSERVATIONS 


Table  Al  :  climate  l 975- 7 b  Winter 
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APPENDIX  B:  ICE  CONDITIONS,  FIELD  REMARKS  AND  PERTINENT  PHOTOGRAPHY 


DATE  ICE  THICKNESS  (cm)  ICE  CONDITIONS  AND  REMARKS 

1975-76  WINTER 

17  Dec  -  Frazil  ice  flowing.  Water  temperature  at 

Quechee  Clubhouse  0-0. 1°C.  Possibly  some 
super-cooled  water  near  shore.  Water 
temperature  near  Woodstock  Sewage  Treatment 
Plant  outfall,  3-4°C.  River  temperature  5-7 
m  below  outfall,  0.5°C.  Temperature  of 
effluent  at  plant,  6°C. 

2  Jan  -  Ottauquechee  River  at  Golf  Course  almost 

completely  frozen  over,  covered  with  3-5  cm 
snow.  Small  open  area  near  bend  at  club¬ 
house,  water  temperature  0.05°C.  Frazil  ice 
in  water.  Clear  day,  air  temperature  -18  to 
-12°C, 

At  Woodstock  Sewage  Treatment  Plant  the  ice 
and  snow  conditions  the  same  as  at  club¬ 
house.  Open  river  channel  at  outfall  pipe 
and  downstream  30  m.  Open  channel  1  m 
wide.  Water  temperature  probe  placed  at 
outfall  pipe.  Water  upwelling,  temperature 
«7.5°C,  2  m  downstream  temperature  2.5°C,  9 
m  downstream  temperature  0.05°C. 


14  Jan  -  Quechee  Lakes:  Air  temperature  »-18°C. 

Sunny,  River  covered  with  wet  snow.  Water 
temperature  0°C. 

54  At  Woodstock  Sewage  Treatment  Plant  open 


water  extends  450  m  downstream.  Ice  thick¬ 
ness  measured  6  m  upstream  from  outfall 
pipe;  water  temperature  0°C.  At  pipe  water 
temperature  1.5°C.  Downstream  =6  m  tempera¬ 
ture  O.b'C  (temperature  readings  taken  near 
outfall  pipe  depend  on  where  probe  was 
placed  with  respect  to  pipe.  Readings  on 
successive  days  vary  due  to  difficulty  of 
finding  the  same  location  when  heavy  fresh 
snow  covers  reference  points). 

At  treatment  plant  and  Quechee  Lakes,  frazil 
ice  flowing  in  open  water. 

21  Jan  -  Quechee  Lakes:  Little  change  in  overall 

conditions.  Water  temperature  0°C.  Ice 
unsafe . 


FI  Lei  W 
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DATE 


ICE  THICKNESS  (cm) 


ICE  CONDITIONS  AND  REMARKS 


6  1-64  Woodstock  Sewage  Treatment  Plant:  Two  holes 

drilled  6  m  apart.  Ice  measures  61  to  64 
cm.  Water  temperature  0.05°C. 

At  outfall  pipe  opening  in  ice  =6 1  cm 
downstream,  water  temperature  2.45°C.  8  m 

below  pipe  water  temperature  0° C.  (For  last 
three  weeks  ice  surface  consists  of  small 
soft  snow  hillocks  1  to  4  cm  deep  below 
which  is  ice  and  soft  slush.) 

26-28  Jan  -  High  air  temperature  coupled  with  heavy 

precipitation  caused  heavy  flooding  and 
severe  ice  jamming  along  the  Ottauquechee 
River.  High  water  caused  by  over  6  cm  of 
rain  in  a  three-day  period.  Air  temperature 
rose  as  high  as  8°C  (Fig.  Bi). 


Figure  Bl .  Ice  jam  at  Quechee  Golf  Course  bridge, 
26-28  January  1976. 


12  Feb  13-18  At  Quechee  Lakes  new  ice  formed  between  and 

around  old  ice  jam  conglomerate  that 
settled.  Water  flowing  between  ice  layers 
and  underneath  ice  jam.  Water  channel  flow 
restricted. 

43-51  Quechee  Lakes  Mill  Pond  ice  covered. 

Woodstock  Sewage  Treatment  Plant:  Ice  jam 
entirely  around  sewage  outfall  area  that 
extends  1  mile  upstream  and  1  mile 
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DATE 


ICE  THICKNESS  (cm) 


ICE  CONDITIONS  AND  REMARKS 


45-58  (variable) 

27  Feb  - 


20-46 


1  Mar 

2  Mar 


11  Nov 
l  2  Nov 

! 

I  29  Nov 


downstream  to  Taftsville  Pond.  Small  area 
in  the  jam  near  outfall  pipe  is  thawed. 

Area  is  «60  cm  wide,  3. 5-4. 5  m  long.  Water 
temperature  around  pipe  1-2°C  both  slightly 
upstream  and  downstream.  Water  temperature 
2.5  m  downstream  0-0. 3°C. 

Taftsville  Pond:  Dirt  layer  observed  in  ice 
indicative  of  the  flood.  River  ice 
temperature  isothermal  at  0°C,  measured  at 
10,  30  and  50  cm  below  ice  surface.  Ice 
closer  to  dam  of  variable  thickness. 

Ice  jam  has  rotted  out  downstream  from  Elm 
St.  Bridge  in  Woodstock  to  250-350  m  above 
Woodstock  Sewage  Treatment  Plant.  Water 
flowing  through  new  river  channel  cut  across 
Billings  Farm  field  immediately  below  sewage 
treatment  plant. 

At  Taftville  Pond  the  water  has  started 
flowing  along  shore. 

Water  temperature  near  Woodstock  Sewage 
Treatment  Plant  outfall  2-3°C. 

Water  flowing  over  and  through  portions  of 
jam.  Water  partially  open  upstream  from 
jam.  Water  rising  in  Ottauquechee  and  White 
rivers  as  air  temperatures  on  25-26  February 
10-I8°C. 

Ice  at  Woodstock  Sewage  Treatment  Plant 
melted  as  far  as  180-270  m  below  plant  by  28 
Feb.  Jam  completely  melted  out  of 
Ottauquechee  River  down  to  Taftsville  Pond 
by  29  Feb.  Ice  remains  on  Taftsville  Pond. 

Ice  balls  flowing  in  river.  Frazil  ice. 

Ice  or  slush  balls  (8-13  cm  in  size)  caused 
by  heavy  snowfall  at  -7°C  air  temperature  on 
open  water.  Frazil  ice  flowing  beneath 
flowing  ice  balls. 

197P-77  WINTER 

Slush,  ice  flowing  in  river  at  Tattsville. 

First  ice  cover  forming  at  Taftsville.  At 
Woodstock  Sewage  Treatment  Plant  water  tem¬ 
perature  0°C. 

Ice  along  shore  ol  Taftsville  Pond. 
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DATE 


ICE  THICKNESS  (cm) 


ICE  CONDITIONS  AND  REMARKS 


30  Nov 


Freeze-over  of  Taftsville  Pond. 


1  Dec 


Solid  ice  cover  on  Taftsville  Pond. 


11-12  Dec 


Ice  jam  on  Taftsville  Pond  caused  by  warmer 
weather  and  rain. 


16  Dec 


Ice  jam  area  rafted  along  eastern  shore  of 
Ottauquechee  River,  120-150  cm  high  (Fig. 
B2). 


1 9  Jan 


’  Feb 


Figure  B2.  Jamming  and  rafting  of  ice  behind  the 
Taftsville  Dam,  16  December  1976. 


Woodstock  Sewage  Treatment  Plant:  Air 
temperature  -27°C.  Bottom  water  temperature 
at  outfall  pipe  0.8°C.  Water  temperature  at 
surface  0.7°C.  Temperature  upstream  of  out¬ 
fall  pipe  0°C.  Temperature  3  m  downstream 
from  outfall  (mixing  taking  place) 

0.1-0.3°C.  Open  hole  (1-1. 5-m  diameter)  at 
site. 

90-140  m  downstream  of  outfall:  Open  water 
area  in  fast  waters  180-220  m  downstream 
from  plant. 

Mid-channel,  Quechee  Creen. 

Near  shore  Quechee  Green  (mid-channel ) ;  30 

cm  snow  cover,  96  cm  water  depth  under  ice. 
Water  temperature  0.1-0.3°C.  ice 
temperature  -2.5°C. 


DATE 


LCE  THICKNESS  (cm) 


ICE  CONDITIONS  AND  REMARKS 


41  Quechee  Clubhouse:  5  cm  snow,  66  cm  water 

depth  beneath  ice.  Ice  in  area  grounded  and 
rafted.  Ice  temperature  -1.5°C.  Water 
temperature  0-0. 2°C. 

48.3  Ice  measured  above  partial  jam  at 

Taftsville.  122  cm  water  under  ice,  20  cm 
snow  cover.  Water  temperature  0.1-0.3°C. 

Ice  temperature  -0.5°C.  In  general, 
considerable  amounts  of  ice  rafting,  frozen 
frazil,  and  anchor  ice  as  well  as  new  ice 
formation  in  river. 

12  Mar  - 

15  Mar  -  Ice  jams  in  river  above  Taftsville  Pond  and 

above  Quechee  Mill  Pond  Dam  in  addition  to 
other  are'.s.  High  water  on  river  12,  13,  14 
March  from  snow  melt  induced  by  over  4  cm 
rain  and  warm  weather.  Ice  jam  formed 
upstream  immediately  above  Taftsville  Pond. 
Jam  caused  by  remains  old  ice  jam  which 
formed  in  late  Dec.  1976.  Old  ice  jam,  new 
ice  formation  and  frazil  flow  caused  ice  jam 
in  river.  Many  areas  frozen  to  bottom.  Ice 
flowed  over  river  road.  Huge  ice  jam  also 
formed  above  Quechee  Mill  Pond  Dam. 

Quechee  Lakes:  Quechee  Golf  Course  Bridge 
taken  out  when  ice  moved  in  night  of  13 
March  (Pig.  B3).  River  so  jammed  with  ice 


Figure  B3.  Quechee  Golf  Course  Bridge  destroyed  by 
moving  ice  jam,  15  March  1977. 
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DATE 

16  Mar 


27  Nov 


28  Nov 


29  Nov 

2  Dec 

6  Doc 
6  Dec 
10  Dec 


ICE  THICKNESS  (cm)  ICE  CONDITIONS  AND  REMARKS 

struck  the  solid  ice  behind  the  dam,  it 
shoved  the  sheet  of  ice  forward,  destroying 
a  log  boom  across  the  river. 

-  Jam  just  above  Quechee  Lakes  office  and 

above  Taftsville  Dam.  Blocks  from  old  jam 
piled  and  refroze  in  river.  Some  blocks  up 
to  1.5  m  thick. 

Normal  river  ice  (41-46  cm  thick)  rafted  on 
shore.  Ice  sample  3 b-cm  long  taken  on 
shore. 


1977-78  WINTER 

First  ice  flowing  in  river.  Ice  was 
generated  by  snowfall  and  contains  slush  ice 
with  small  amounts  of  frazil.  Water 
temperature  0°C  near  shore  and  »0.5°C  at 
mid-channel.  Overnight  air  temperture 
- 12°C. 


Taftsville  Pond:  Ice  along  shore.  Slush 
and  frazil  ice  in  river. 

Temperature  sensor  installed  46  cm  beneath 
water  surface  at  Woodstock  Sewage  Treatment 
Plant. 

Less  ice  at  Taftsville  than  previous  day. 
Higher  air  temperatures  overnight.  Water 
temperature  0-i°C. 

Water  temperature  3°C  at  Woodstock  Sewage 
Treatment  Plant  outfall. 

Water  temperature  0.15°C. 

Water  temperature  0.05-0. 1°C. 

Ice  dam  near  Quechee  sewer  outfall  pipe. 
Solid  ice  above  Quechee  Mill  Pond  Dam.  Ice 
and  frazil  flow  above  dam.  Frazil  and 
anchor  ice  at  Taftsville  and  downstream 
through  golf  course  in  areas  of  rapidly 
moving  v  .  Solid  ice  along  shore  of 
river  auu  upstream  from  Taftsville  Pond. 
Taftsville  Pond  mostly  frozen  over. 


Frazil  and  anchor  ice  at  Woodstock  Sewage 
Treatment  Plant.  Solid  ice  along  shore  (1.5 
m  out  1  rum  shore). 


DATE  ICE  THICKNESS  (cm)  ICE  CONDITIONS  AND  REMARKS 

River  frozen  solid  upstream  of  Quechee  Mill 
Pond  Dam  to  old  water  level  recorder  site 
(where  road  splits  to  W.  Hartford). 

Recorder  fixed  at  Woodstock  Sewage  Treatment 
Plant.  Water  temperature  -0.2  to  0.3°C. 

Ice  formed  around  thermistor,  necessitating 
removal  and  placement  elsewhere  in  area. 

11  Dec  -  Freeze-over  at  Woodstock  Sewage  Treatment 

Plant. 

Frazil  and  anchor  ice  in  open  river  areas. 


12  Dec  -  Ice  formation  due  to  a  major  cold  spell  in 

local  area  8-12  December. 

29  Dec  5-25  Woodstock  Sewage  Treatment  Plant:  Ice 


unstable  and  variable.  Water  temperature  on 
recorder  -0.1°C.  Air  temperature  -3°C. 

Water  temperature  0-0. 5°C  at  sensor. 


22  Yankee  Musket  Shop:  Water  temperature 

0.05°C.  Air  temperature  2°C.  Ice 
temperature  0°C. 

4-9  Jan  -  Minor  thaw,  slight  jamming  and  rafting  of 

ice  cover. 

13  Jan  -  Ice  re-forming  along  river,  especially  at 

dam  sites. 


Figure  86.  Ice  jam  at  Woodstock,  east  of  Sewage  Treat¬ 
ment  Plant,  26  January  1978. 
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DATE 


ICE  THICKNESS  (cm) 


ICE  CONDITIONS  AND  REMARKS 


25-26  Jan 


Thaw  and  heavy  rain  caused  flooding  and  a 
new  ice  jam  in  Woodstock.  (Fig.  B6).  Solid 
ice  remained  in  Quechee  Lakes  Mill  Pond  and 
Taftsville  Pond.  Ice  jam  extends  from  just 
below  Woodstock  Sewage  Treatment  Plant 
upstream  to  Woodstock  Union  High  School. 


9  Feb  25-38 


New  ice  formation.  Ice  rafted  and  jammed  at 
Woodstock  and  Quechee. 


7  Mar  56 


Water  temperature  at  bridge  near  Yankee 
Musket  Shop  0°C  or  slightly  below.  Water 
samples  appear  silty.  Snow  depth  on  ice  30 
cm.  Ice  same  thickness  3  m  from  shore  and 
in  center  of  river  at  shop.  51  cm  water 
beneath  ice  in  center  of  river;  66  cm  water 
near  sensor. 


Woodstock  Sewage  Treatment  Plant:  3  m 
beyond  temperature  sensor,  water  samples 
nearly  clear,  33  cm  water  beneath  ice. 

Water  temperature  0°C.  (See  Fig.  B7  and  B8.) 

6  m  from  shore:  3  m  water  beneath  ice, 
water  temperature  0°C. 


9  Mar 


Some  open  water  at  Yankee  Musket  Shop  and 
upstream.  Water  temperature  0.05-0. 1°C 
beneath  ice  cover. 


Figure  B7 .  Effect  ot  sewage  effluent  at  Woodstock  Sew¬ 
age  Treatment  Plant  (looking  upstream). 


Figure  B8.  Effect  of  sewage  effluent  at  Woodstock  Sewage 
Treatment  Plant  (looking  downstream). 


10  Mar  -  450  m  below  Taftsville  Dam:  Water 

temperature  0.2-0.35°C.  River  starting  to 
open.  Open  channel  in  many  areas  from 
Taftsville  Dam  to  Quechee  Lakes  Golf  Course 
Bridge. 

Yankee  Musket  Shop:  Water  profile  beneath 
ice;  0-8  cm  down,  0°C;  below  9  cm,  L).1°C. 

17  Mar  48-50  Ice  measured  at  Yankee  Musket  Shop.  Water 


temperature  U-0.U5°C. 

4b  Ice  measured  at  Woodstock  Sewage  Treatment 

Plant.  Water  temperature  0-0.03t>C.  Open 
water  channels  observed  along  shore  between 
Taftsville  Dam  and  Yankee  Musket  Shop. 

JO  Mar  44  Near  shore  at  Yankee  Musket  Ship. 

43  Center  of  river  at  Yankee  Musket  Shop. 

J3-J4  Mar  -  Considerable  rain  (29  cm  in  18  hrs)  at 

Ottauquechee  sites. 

J  5  Mar  -  River  open  at  Quechee  Clubhouse. 

Temperatures  in  open  water  0.1-0.4°C  from 


Ouechee  Clubhouse  up  to  Taftsville  Dam. 


A  facsimile  catalog  card  in  Library  of  Congress  MARC  format 
is  reproduced  below. 
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